Abstract | The authors propose a very e ective and exible peak power reduction scheme for Orthogonal Frequency Division Multiplexing (OFDM) with almost vanishing redundancy. This new method works with arbitrary numbers of subcarriers and unconstrained signal sets. The core of the proposal is to combine partial transmit sequences (PTS) to minimize the peak{to{ average power ratio distortionless.
Introduction
Besides intermodulation, out{of{band power 1] results from amplifying OFDM transmit signals with insu cient back{o s. Hence, the reliable reduction of peak power is of viable importance for the practical implementation of OFDM schemes. The small amount of redundancy required to reduce the peak amplitudes signi cantly 1] must be spread over all carriers. One e ective method to achieve this spreading is given in 2] and this scheme will be referred to as selected mapping (SLM), as one desirable OFDM transmit signal is selected from a set of alternative signals. Similar approaches are proposed in 3, 4] . In this Letter a new and very e ective scheme is proposed, which constructs a favourable OFDM transmit signal. 
where E f g denotes the expected value. Note that the well{known peak{to{average power ratio, is simply the square of the crest factor, preferred in this paper. Finally, we de ne the probability P ( 0 ) def = Pr f > 0 g for the occurence of an OFDM symbol, which exceeds a certain crest factor threshold 0 .
Partial Transmit Sequences
The information bearing subcarrier block A is subdivided into V pairwise disjoint carrier subblocks A ; (4) which has the lowest crest factor of all alternative transmit sequences. Note that one rotation factor can be xed without any performance loss, e.g. b (1) = 1. Furthermore, simulations indicated that a restriction to four rotation angles already allowed a signi cantly reduced peak power. Moreover, b (v) 2 f 1; jg is implementational advantageous, as no actual multiplications are needed to combine the PTSs in (4). The receiver needs to know the set fb (v) ; v = 1; ::; V g.
Hence, an unambiguous representation of it must be transmitted to the receiver. The bits needed for this side information represent the redundancy associated with PTS peak power reduction. There is a possibility to refrain from explicitly transmitting side information if di erentially encoded modulation across the subcarriers within each subblock is used. In this case, only the block partitioning must be known in the receiver and one subcarrier in each subblock must be left unmodulated as reference carrier (equivalent to redundancy). Thus, each subblock can be demodulated separately. 4 Results and Conclusions free rotation factors and 4 allowed angles for each, corresponds to a redundancy of 6 bit on 512 carriers. If QPSK in the subcarriers and some inactive (zero) carriers are assumed, this is well below 1% redundancy to achieve a crest factor reduction of signi cant 4 dB at P ( 0 ) = 10 ?5 . For comparison, we included results for SLM{OFDM 2] with U = 2; : : : ; 4 alternative transmit signals. It is obvious that PTS performs better than SLM, if we consider the same number of IDFTs (U = V ), required to generate one favourable OFDM symbol. The method in 3] will achieve the same results as SLM, if the therein introduced threshold is chosen very low. If the heuristic selection function in 4] works perfect, the approach given there will achieve nearly the same results as SLM. PTS works with little additional redundancy and moderate added transmitter complexity, namely V = 2 : : : 4 (parallel) IDFTs plus an optimization step to combine the PTSs. If the transforms make use of the fact, that a large fraction of input values is zero and if the subcarrier partitioning complies with the structure of the speci c fast implementation, the additional complexity of PTS is surprisingly moderate.
